Background: Biceps augmentation using solid silicone implants has been increasingly requested in recent years despite a paucity of literature evaluating the safety and efficacy of this procedure. Objectives: The purpose of this study was to provide information about complications, surgical planning, and aesthetic outcomes of biceps augmentation. Methods: A retrospective chart review was conducted for patients undergoing solid silicone biceps augmentation in the author's practice from April 2011 through May 2016. Collected data were analyzed to assess the indications for surgery, quantity of complications, and need for surgical revision, and to evaluate aesthetic outcome. Results: Twenty-one male patients were included in the study. The mean age was 42.6 years and the mean follow up was 7.1 months. Indications for surgery include a desire to increase biceps size (n = 16), and correction of biceps deformity after biceps tendon rupture (n = 5). Eight patients underwent subfascial implant placement and 13 submuscular implant placement. Complications occurred in 10 patients (48%) including asymmetry (n = 4), seroma (n = 3), surgical site infection (SSI) (n = 1), cellulitis (n = 1), and hematoma (n = 1). The overall reoperation rate was 23.8%. Implant malposition occurred in 3 of the 8 (38%) of subfascial implant placement patients. Complications requiring revision surgery were higher for subfascial implants 37.5% vs 15.4% for submuscular. Conclusions: Biceps augmentation with a solid silicone implant can increase upper arm volume and correct asymmetry and deformity resulting from muscle injury. Submuscular biceps implant placement is recommended over subfascial insertion to avoid implant malposition.
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Augmentation of the biceps brachii using solid silicone implants for aesthetic enhancement or to correct deformity is an uncommon surgical procedure with a paucity of information describing this operation. To date, limited statistics from surgical organizations are available to estimate the number of patients undergoing this procedure annually. A Google search for "biceps implants" by the author yielded numerous websites of surgeons offering this operation to increase biceps size, along with photos of results, despite few medical publications on this surgical procedure. A PubMed and Google search of the scientific literature in February of 2017 yielded three publications by only two authors focusing on biceps implant surgery using solid silicone implants. 1 The earliest published report of the use of a solid implant to correct deformity of the upper arm after biceps tendon rupture was by Hodgkinson in 2006. 2 Chugay, also in 2006, reported placement of a solid silicone implant beneath the Dr Senderoff is a plastic surgeon in private practice in New York, NY. biceps muscle for aesthetic enhancement of the upper arm. 3 The author, in an effort to provide information about complications, surgical planning, and aesthetic outcomes, has retrospectively reviewed data from his patients who underwent biceps augmentation to enhance upper arm volume and improve contour asymmetries after biceps tendon rupture. His experience with biceps augmentation surgery using solid silicone implants over a 5-year period is presented.
METHODS

Data Review
A retrospective chart review was conducted for all patients who underwent primary biceps augmentation, using a solid silicone implant, over a 5-year period from April 2011 through May 2016. Twenty-one patients were identified after exclusion. Patients who presented for secondary biceps augmentation procedures, including implant exchange to a larger size and revision biceps implant surgery for asymmetry, were excluded (n = 2).
Demographic information, implant size, concomitant procedures, and implant placement were recorded for each patient. Complications and aesthetic outcomes were analyzed. Written informed consent was obtained for each patient prior to surgery and the study was conducted in accordance with the Declaration of Helsinki.
Surgical Technique
Preoperative markings are made in the upright position with the template of the implant outlined in the desired position over the biceps muscle. The patient is placed supine on the operating table and undergoes general anesthesia. Antibiotic prophylaxis is administered intravenously prior to incision.
An axillary 5 cm incision is made and subcutaneous electrocautery dissection is then performed to expose the brachial fascia. The brachial fascia is then incised, exposing the biceps musculature. For subfascial implant placement, a blunt dissector is used to separate the fascia from the biceps muscle to the limits of the overlying markings. For submuscular implant dissection, after incising the brachial fascia and exposing the biceps musculature, blunt dissection is performed between the long and short head of the biceps muscle to the humerus. Perforating blood vessels are coagulated as needed. Blunt dissection in the submuscular plane, deep to the biceps muscle along the humerus, is performed. Either the subfascial or submuscular space is irrigated with cefazolin solution and the skin is reprepped with povidine iodine. The solid silicone implants (AART, Inc., Carson City, NV) are soaked in 1 g of cefazolin in 500 mL. of sterile saline and then inserted through the axillary incision. After submuscular implant placement the biceps muscle is closed over the implant with interrupted sutures of 4-0 Vicryl (Ethicon, Inc., Somerville, NJ). The brachial fascia is closed with 4-0 vicryl after subfascial or submuscular placement followed by layered closure of the axillary incision with 4-0 Monocryl (Ethicon, Inc.). A compression sleeve is then applied. Patients are instructed to keep the arms elevated on pillows while at home and to avoid physical exertion including lifting heavy objects or exercising for one month.
RESULTS
A total of 21 patients underwent primary biceps augmentation during the 5-year period. All patients were men, ranging in age from 22 to 71 years (mean, 42.6 years). The length of follow up ranged from 1 week to 2 years (mean, 7.1 months). Sixteen of 21 patients (76%) had at least 3 months of follow up. The most common implant, used in 18 patients was 86 cc, elliptical, measuring 5.9 cm wide × 13.3 cm length × 2.4 cm projection.
The indications for biceps implant surgery were to increase biceps size in 16 patients (76%) (including one with Poland's syndrome), and to correct biceps deformity after tear of the biceps tendon in 5 patients (24%). Eight patients underwent subfascial implant placement and 13 patients underwent submuscular implant placement. Four patients underwent unilateral biceps augmentation to correct asymmetry. Combined repair of the biceps tendon with implant placement was performed in 1 patient. Preoperative tape measurements were made to document preexisting biceps asymmetry. Postoperative measurements were not routinely performed. As such no meaningful data for the change in size were available.
Complications requiring additional surgery included asymmetry (n = 4, 19%) and surgical site infection (n = 1, 4.8%). Three of these asymmetries were in patients who developed implant malposition after subfascial implant placement to increase biceps size, and in one patient who developed a contour irregularity after partial submuscular implant placement to correct a ruptured biceps deformity.
Complications that were managed nonoperatively included seroma (n = 3, 14.3%), cellulitis (n = 1, 4.8%), and hematoma (n = 1, 4.8%) ( Table 1) . Implant malposition requiring revision occurred in 3 of the 8 patients (38%) who underwent subfascial implant placement. Complication rates were lower for submuscular implants 38.5% vs 62.5% for subfascial implants but were not statistically significant (P = 0.4) The revision rates for the two groups was 37.5% for subfascial implants due to asymmetry (n = 3) and 15.4% for submuscular implants due to infection (n = 1) and asymmetry (n = 1). The difference in revision rates were not statistically significant (P = 0.3). There were no capsular contractures or nerve injuries. (Table 1) .
DISCUSSION
A history detailing trauma to the upper arm resulting in rupture or impairment of the biceps muscle or congenital abnormalities is essential. Patient expectations should be considered as there are achievable biceps size limits that may be safely obtained with solid implants. Physical examination of the upper extremities should be performed, including tape measurement to document any difference between the bilateral arm circumferences at rest and during flexion. In addition, the contour of the biceps muscle, as well as the point of maximal projection or peak of each arm, should be determined and compared. The ideal candidate for implant biceps augmentation has normal upper arm form and function, with a smaller than desired biceps size, despite exercise. An implant corresponding to the length of the arm from the junction of the anterior deltoid and biceps muscle to a point 2 finger breadths (approximately 3 cm) proximal to the antecubital fossa should generally be selected. The implant should not exceed the width of the upper arm by greater than 1 cm as to avoid palpable edges. The patient should be informed of the 2 different insertion planes that surgeons may suggest: subfascial and submuscular. Subfascial dissection is quick, bloodless, and easy to perform. Implant malposition occurred in three of the first 8 patients (38%). The subfascial plane did not provide sufficient stabilization of the implant, even with precise pocket dissection. Subfascial implant position allowed for the potential migration of the implant medially as well as superiorly toward the axillary incision. The 3 patients experiencing implant malposition required capsulorrhaphy through two external incisions on the arm to stabilize the subfascial implants. External incisions were made at two points along the medial aspect of the upper arm at the inferior edge of the implant 2.0 cm in length. The capsule was approximated using interrupted 4-0 nylon sutures. This maneuver was successful in stabilizing the implants in all 3 patients.
Another concern of subfascial biceps implants is creating an implanted look with palpable and visible implant edges. As a result of the increased complication rate of subfascial implant placement the author tried submuscular implant placement (Figures 1 and 2 ). There were no instances of implant malposition in the 13 patients who underwent total submuscular biceps implant placement in this series. It is important when placing a biceps implant into the submuscular plane to obtain complete muscle coverage to avoid herniation into the subfascial plane.
Patients may present for consultation complaining of biceps asymmetry unaware that their biceps muscle has been partially ruptured, as arm flexion may not be impaired. 4 If signs of biceps tendon rupture are present, orthopedic evaluation should be obtained for tendon repair evaluation. MRI evaluation of the arm may locate the avulsed tendon and aid in planning repair. Biceps tendon repair can be combined with implant placement in a single or staged procedure to restore arm form and improve function ( Figure 3 ). Patients not undergoing muscle tendon repair may have biceps volume and arm symmetry improved by implants (Figures 4 and 5) . Subfascial implant placement can improve asymmetry but with an increased risk of implant malposition. Total muscle coverage of an implant after biceps rupture may not be possible if the musculature has contracted, either proximally in the case of rupture at the elbow or distally after proximal tendon rupture. For these types of muscle deformity the implant can be placed below the intact biceps muscle with partial muscle coverage in order to stabilize the implant along the humerus and lessen the likelihood of implant malposition and decrease palpability. Proximal tendon ruptures of the long head of the biceps tendon are problematic as the unsecured muscle tends to create a significant fullness distally by bunching during contraction known as "Popeye deformity." 5 Restoring contour with the use of an implant alone may not be sufficient as the unattached distal muscle mass remains bulky. In these cases, tendon attachment at the level of the midhumerus using screw fixation can be performed to stretch out the contracted muscle, and reduce distal bunching.
The ages of the patients in this study ranged from 22 to 71 years with a mean age of 42.6 years in contrast to the average age of 34 for men presenting for gluteal implants in the author's practice. 6 This increase in age was attributed to the ruptured biceps patients who averaged 54 years of age compared to 36 years for the nonruptured biceps patients.
Complications after biceps augmentation are categorized as either major, requiring surgical intervention, or minor, resolving without surgery (Table 1) . Major complications (n = 5, 23.8%) requiring surgery included four (19%) patients with implant asymmetry and one (4.8%) patient with a unilateral surgical site infection (abscess) requiring explantation. Minor complications (n = 5, 23.8%) included three (14%) seromas, one (4.8%) hematoma, and one (4.8%) case of surgical site infection (SSI) cellulitis which resolved on oral antibiotics. The overall complication rate of 47.6% occurring in 10 patients is unacceptably high and is largely attributed to subfascial implant malposition. The high complication rate for biceps implants in either plane should caution the surgeon to be very selective in choosing patients. Asymmetry may be unavoidable after subfascial implant placement despite precise pocket dissection due to the easily elevated brachial fascia that does not restrict implant displacement. Surgeons performing subfascial biceps augmentation should be aware of the risk of malposition and consider submuscular placement.
Seromas of the axillae were managed with serial aspiration and resolved within 3 weeks. Of the 3 patients that experienced axillary seromas, 2 underwent concomitant pectoral augmentation.
Hematoma occurred in 1 patient that underwent submuscular implant placement. The hematoma was small and managed through serial aspirations of the axilla and upper arm with no sequelae. Subfascial and submuscular dissection should be relatively bloodless as the subfascial plane and the submuscular plane easily separate with blunt dissection. Care should be taken to avoid intramuscular biceps dissection as tearing of the biceps muscle will create bleeding and possible hematoma formation.
There were no motor or sensory deficits of the arm reported. Of concern is the musculocutaneous nerve that travels through the coracobrachialis muscle and down the arm, anterior to the brachialis muscle, and deep to the biceps muscle, innervating both. 7 Injury could result in weakness in elbow flexion and loss of sensation of the radial aspect of the forearm. Neuropathy of the musculocutaneous nerve requiring operative exploration and neurolysis has been reported. 8 triceps and biceps implantation has also been reported. 9 Recovery from biceps implants varies depending on the placement of the implant. Subfascial implant patients have less swelling of the arm and report less discomfort than patients who undergo submuscular implant insertion. Arm strength returned to normal subjectively with no complaints of weakness in both subfascial and intramuscular patients. Although a satisfaction survey was not performed patients were generally pleased with the results with only one patient expressing dissatisfaction due to inadequate size. All patients who underwent biceps augmentation for rupture deformity expressed satisfaction.
There are several limitations to the use of biceps implants. Since the implants are nondynamic, they cannot shorten during muscle contraction and may be more visible in the subfascial position during flexion. Submuscular implants will be less visible than subfascial implants but act as a volume enhancer, and will not completely correct an asymmetric muscle. Implant size limitations also exist. A submuscular implant must not be too large to avoid increased compartment pressure in the arm. In addition, the size and volume of the implant in the submuscular plane should be restricted to avoid neuropraxia. A subfascial implant must not be so large as to increase the likelihood of malposition and visibility.
This study, the first to compare subfascial and submuscular biceps implants, has limitations, namely the results reported are based on a small number of patients by a single surgeon and the lack of comparative literature for this uncommonly performed procedure. The complication rates are based on the author's learning curve. As such, complication rates may differ as other surgeons report their experience with this procedure. 
CONCLUSIONS
Augmentation of the biceps with solid silicone implants can be utilized to increase arm size, improve asymmetry due to muscle hypoplasia, and reduce deformity from biceps tendon rupture. The subfascial plane allows for more implant projection but does not provide sufficient stability to prevent implant migration. Submuscular implant placement can increase biceps size and correct contour defects with less risk of implant malposition, palpability, and visibility. The author recommends submuscular placement of moderately sized biceps implants for those seeking this procedure.
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